Background: In contrast to healthy adults or critically ill patients, data on serum cortisol levels in noncritically ill patients admitted to general internal medicine wards has not been well characterized. We aimed to describe the distribution and range of serum cortisol levels in patients admitted to the department of medicine, to discover whether old age, severe infections, or comorbidity induced a blunted hypothalamic-pituitary-adrenal (HPA) response and whether initial serum cortisol value had a prognostic significance. Methods: Morning (8 AM) serum cortisol level together with epidemiologic, clinical, and laboratory data were analyzed for 252 consecutive adult (age Ն 18 yrs) patients admitted to the department of internal medicine during a 6-weeks period. Results: The mean serum cortisol level (541 Ϯ 268 nmol/L) was within the normal range. Only one patient had a low serum cortisol level of 72 nmol/L, whereas the majority of patients had either normal (80%) or increased (19%) serum cortisol levels. Older age, sepsis, prolonged duration of fever, higher comorbidity score, and higher serum creatinine level were each associated with significantly higher serum cortisol level. In addition, a higher serum cortisol level was significantly related to longer hospitalization and higher inhospital mortality rate. Conclusions: Serum cortisol level positively correlated with age, disease severity, and outcome. All admitted patients, except one, had normal to high serum cortisol. Whether this increased cortisol level is an adequate HPA response or less than required for the disease-induced stress should be investigated in further studies. T he secretion of cortisol follows a centrally controlled physiologic diurnal rhythm (a morning 8 AM level of 140 -690 nmol/L and an evening 4 PM level of 80 -330 nmol/L) and is further affected by severe illness and physical or mental stress. 1-4 Moreover, a positive correlation between serum cortisol level and the severity of stress has been previously shown in patients undergoing surgery 5 and in critically ill patients, 6,7 with highest values seen in patients with highest illness-severity scores.
T he secretion of cortisol follows a centrally controlled physiologic diurnal rhythm (a morning 8 AM level of 140 -690 nmol/L and an evening 4 PM level of 80 -330 nmol/L) and is further affected by severe illness and physical or mental stress. [1] [2] [3] [4] Moreover, a positive correlation between serum cortisol level and the severity of stress has been previously shown in patients undergoing surgery 5 and in critically ill patients, 6, 7 with highest values seen in patients with highest illness-severity scores.
It has recently been shown that in patients with septic shock, a serum cortisol level above 938 nmol/L correlated with a very poor outcome if the response to adrenocorticotropic hormone was low (Ͻ248 nmol/ L), indicating partial adrenal insufficiency despite the high serum cortisol level. 8 These results were taken to suggest that in critically ill patients, a normal or even high serum cortisol level may reflect inadequate hypothalamic-pituitary-adrenal (HPA) reserve. 8 -10 Indeed, treatment with low doses of hydrocortisone and fludrocortisone reduced the risk of death in patients with septic shock and relative adrenal insufficiency. 9 In contrast to critically ill patients, the data on serum cortisol level and the HPA axis response in noncritically ill patients is limited, is inconsistent, and has not been well characterized. An increased serum cortisol level was found in cases of acute ischemic stroke in correlation with stroke severity, 11, 12 in patients on the first day of acute myocardial infarction, 13 but only in a minority (16%) of cases of uncomplicated asthmatic attacks. 14 In contrast, in patients with acute pyelonephritis, serum cortisol levels were decreased despite elevated levels of interleukin-6 and corticotrop-in-releasing hormone. 15 In addition, normal rather than increased serum cortisol levels were found in patients with influenza 16 and in elderly patients with giant cell arteritis. 17 Moreover, the distribution, range and "normal" values of serum cortisol of noncritically ill patients who are admitted to a general department of internal medicine have never been analyzed. It should be noted in this regard that the normal serum cortisol values used in common practice were obtained in healthy ambulatory adults and are, therefore, adequate only to this population, including the notion that a screening serum cortisol level lower than 83 nmol/L requires further testing to rule out adrenal insufficiency and that a value of 414 nmol/L and above reflects normal HPA axis response. 1 We therefore aimed to examine and derive the distribution and range of serum cortisol levels in admitted general internal medicine patients. We also aimed to find whether old age, sepsis, or comorbidity induced a blunted HPA response, and examined whether initial serum cortisol value had a prognostic significance.
Methods

Setting
This retrospective analysis was conducted in Tel Aviv Souraski Medical Center, which is the major University Hospital in Tel Aviv (1150 hospital beds), and one of the three largest medical centers in Israel, serving both the community of central and north Tel Aviv, as well as referred tertiary care patients. Internal Medicine Department B is one of nine similar internal medicine wards in the hospital, and because most patients are admitted via the emergency room at random, the case mix of the nine wards is similar. Patients are admitted with protean internal medicine diseases. Six of 34 beds (18%) are potentially augmented care beds, suitable for more intensive care and mechanical ventilation, although these beds are neither defined nor staffed as intensive care unit.
Patients
Two hundred seventy-one consecutive adult (age Ն18 yr) patients were admitted to the Department of Internal Medicine B during the 6-week period of the analysis. Nineteen patients were excluded, including patients who were transferred from another department, patients who received recent steroid treatment (within 2 weeks and including the 24-hour period prior to admission), patients who were receiving chronic steroid treatment (2 weeks or more of 10 mg prednisone qd or an equivalent), or pregnant women and women taking oral contraceptives.
The data of the remaining 252 consecutive patients were analyzed and form the basis of this study.
Serum Cortisol Level
Serum cortisol levels were measured at 08:00 AM, after an overnight fast and no later than 24 hours from admission, as part of the routine morning baseline admission blood and urine tests. 
Data Collection
Epidemiologic, clinical, and laboratory data were obtained by reviewing hospitalization and discharge records. Clinical information included vital signs during the first 24 hours of hospitalization (the average of three values of fever, blood pressure, and pulse), main diagnosis and other comorbidities, the presence and site of infection, duration of hospitalization, and duration of fever.
Comorbidities were rated according to the Charlson index, a validated prognostic comorbidity score that takes into account the number and severity of comorbid diseases, with higher scores representing more severe comorbidities. 18 For example, congestive heart failure, cerebrovascular accident, or diabetes mellitus were scored with 1 point each, whereas hemiplegia, moderate or severe renal failure, or any tumor were scored with 2 points each. The Charlson comorbidity score was calculated for each patient according to the discharge summary.
Fever was defined as an orally or rectally measured temperature of 38°C or higher. Sepsis was defined as infection associated with either one or all of the following: positive blood cultures, hypotension (systolic blood pressure Ͻ90 mmHg) or requirement for mechanical ventilation, modified from the 1992 consensus panel on the definitions of sepsis.
The laboratory data analyzed included erythrocyte sedimentation rate (Westergren), white blood cell (WBC) and differential count, serum glucose, creatinine and albumin.
Statistical Analysis
In the statistical analyses, the level of cortisol was referenced in two ways: either as a continuous parameter or as a dichotomous variable, that is, normal versus increased serum cortisol (increased serum cortisol level was defined as Ͼ690 nmol/L). Comparisons between patients with normal and increased serum cortisol levels were performed according to various clinical and epidemiologic parameters, such as age, the presence of infection, and the Charlson score, using two-sample t-tests, Mann-Whitney nonparametric and Chi-square tests, as applicable.
Pearson correlation coefficients were calculated to evaluate the association between serum cortisol level and all continuous parameters. One-way analysis of variance was performed to compare mean serum cortisol levels between patient groups defined according to infection type or according to comorbidity score.
A multiple linear regression model was performed to find whether serum cortisol or other factors were independent predictors of duration of hospitalization and a multivariate logistic regression model was applied to study whether cortisol or other possible risk factors predicted death during hospitalization. Data are presented as mean Ϯ SD. The statistical significance level was set to 0.05 and SPSS software (SPSS, Chicago, IL, USA) was used for statistical analysis.
Results
Epidemiologic and Clinical Data
Of 271 consecutive patients who were admitted to the Department of Medicine B during the study period, 19 were excluded as described in Methods. The data of 252 patients were analyzed and form the basis of this study.
The main epidemiologic, clinical, and laboratory data of this series are summarized in Tables 1 and 2 . The patients admitted to the internal medicine ward were elderly, with a median age of 73 years. Moreover, 78 of 252 (31%) of the patients were 80 years old or older. Of note, a third of all admissions were due to infections: fever on admission was present in 73 of 252 (29%) of the entire cohort and positive urine and blood cultures were documented in 22 of 58 (38%) and 12 of 59 (20%), respectively ( Table 2 ). The most common noninfectious presenting medical problems were chest pain (51/252; 20.2%), atrial fibrillation (14/252; 5.6%), syncope (14/252; 5.6%), and dizziness/vertigo (12/252; 4.8%). Comorbidities were common with a median Charlson score of 1 (range, 0 -9). Median hospital stay was 3 days (range, 2-24 days). Renal failure, defined as a serum creatinine level above 177 mol/L (range 53-672 mol/L), was present in 14/252 (5.6%) of the patients.
Distribution of Serum Cortisol Levels
The mean and the median serum cortisol level for the 252 patients included in this survey were within the defined normal values of 140 to 690 nmol/L: 541 Ϯ 268 nmol/L and 494 nmol/L, respectively, with a range of 72 to 1739 nmol/L. As shown in Figure 1 , 80% of the patients (202/252) had serum cortisol values within the defined normal limits, with 32% showing values at the lower half of this ranges (i.e., between 140 -415 nmol/L) and 48% exhibiting cortisol values within the high normal range of 416 to 690 nmol/L. Of note is the finding that nearly onefifth of the patients (49/252; 19.6%) had increased serum cortisol above 690 nmol/L, but only one patient (0.4%) had a low serum cortisol (Ͻ140 nmol/L). This 75-year-old man was admitted with an exacerbation of chronic obstructive pulmonary disease, had been treated prior to admission with inhaled steroids and antibiotics, and had an uneventful hospital course.
Effect of Age on Serum Cortisol
Elderly admitted patients were clearly not deficient in their capacity to maintain adequate serum cortisol level, as the mean serum cortisol for patients over 80 years was 610 Ϯ 317 nmol/L compared to 511 Ϯ 240 nmol/L in patients younger than 80 years (P ϭ 0.015). Indeed, patients 80 years of age and older had a higher frequency of elevated cortisol levels (Ͼ690 nmol/L; Table 3 ). Moreover, there was a positive correlation (r ϭ 0.227; P Ͻ 0.0001) between increasing age and serum cortisol level.
Serum Cortisol Levels in Patients with Infection
A major aim of the present study was to assess the serum cortisol level in patients with infections. About one-third of the study population had infection (Table  1) , and these patients had a significantly higher mean cortisol level than the noninfected patients (629 Ϯ 323 nmol/L vs. 498 Ϯ 226 nmol/L, respectively; P ϭ 0.001). Furthermore, the frequency of elevated cortisol level was twofold higher in infected than in noninfected patients: 24/81 (29.6%) versus 25/171 (14.6%), respectively (P Ͻ 0.005; Table 3 ). Moreover, as shown in Figure 2A , mean serum cortisol in patients with sepsis was significantly higher than in patients with other infections (780 Ϯ 406 nmol/L as compared with 604 Ϯ 304 nmol/L; P Ͻ 0.003), or compared with noninfected patients. Further analysis revealed that half (6/12; 50%) of the patients with sepsis had elevated serum cortisol level greater than 690 nmol/L, twofold compared with patients with other infections (18/69; 26.1%) and with noninfected patients (25/ 171; 14.6%; P Ͻ 0.003). Figure 2B depicts mean serum cortisol levels according to the type of the different infections. Sepsis, pneumonia, and erysipelas were associated with the highest mean serum cortisol (780 Ϯ 406 nmol/L, 788 Ϯ 374 nmol/L, and 741 Ϯ 457 nmol/L, respectively). Patients afflicted with urinary tract infection appeared to have average serum cortisol level of approximately the observed mean levels for the entire cohort. The mean serum cortisol in patients with minor infections was significantly lower (410 Ϯ 126 nmol/L; P Ͻ 0.0001) and comparable to that of patients without infection (498 Ϯ 226 nmol/L). In addition, as shown in Table 3 , elevated serum cortisol levels were significantly higher in patients with more prolonged fever.
Effect of Comorbidities and Laboratory Parameters on Serum Cortisol
Using the Charlson comorbidity score, 137 patients (54.4%) were rated as having 0 to 1 point and 115 patients (45.6%) had a score of 2 or higher. As shown in Table 3 , patients with the higher comorbidity score had significantly higher serum cortisol values. Moreover, a positive correlation was noted between serum cortisol and higher Charlson comorbidity score (r ϭ 0.155; P Ͻ 0.014).
In addition, the presence of renal failure was correlated with serum cortisol level. Thus, a positive correlation was found between serum creatinine and serum cortisol levels (r ϭ 0.256; P Ͻ 0.0001). Similarly, the presence of leukocytosis and/or an increased level of PMN (polymorphonuclear cells) positively correlated with serum cortisol levels (r ϭ 0.281, P Ͻ 0.0001 and r ϭ 0.275, P Ͻ 0.0001, respectively). As expected, a negative correlation was found between the fraction of eosinophils (expressed as percentage of total WBC) and serum cortisol level (r ϭ Ϫ0.233, P Ͻ 0.0001).
Outcome and Serum Cortisol Level
Admission serum cortisol levels correlated positively with a longer duration of hospitalization (r ϭ 0.247, P Ͻ 0.0001). Moreover, using a linear regression model, we found that higher serum cortisol level (P Ͻ 0.019), older age (P Ͻ 0.045), higher comorbidity score (P Ͻ 0.038), leukocytosis (P Ͻ 0.001), anemia (P Ͻ 0.008), and higher serum creatinine level (P Ͻ 0.087) (R 2 , 0.377) were independent predictors of a longer hospital stay.
In addition, patients who subsequently died (12/ 252; 5%) had higher admission serum cortisol levels, with a mean serum cortisol level of 994 Ϯ 464 nmol/L, compared with 519 Ϯ 235 nmol/L in patients who survived (P ϭ 0.004). Moreover, the majority (75%) of patients who died had an elevated cortisol level greater than 690 nmol/L (Table 3) , compared to only 17% of patients who survived (P Ͻ 0.0001). Furthermore, using logistic regression analysis with death as the dependant variable, higher serum cortisol level, leukocytosis, and lower albumin values were independently related to mortality (P Ͻ 0.004, P Ͻ 0.021, P Ͻ 0.002, respectively, R 2 0.23).
Discussion
The aim of the present study was threefold: first, to define the distribution and range of serum cortisol levels in noncritically ill patients admitted to the department of medicine; second, to find whether old age, sepsis, or comorbidity induced a HPA axis blunted response; and third, to discover whether initial serum cortisol value has a prognostic significance.
The results of this study indicate that the mean and median serum cortisol levels of patients admitted to the department of medicine were within the normal range obtained in normal healthy volunteers. 1 Moreover, except for one patient, all patients had either normal or increased serum cortisol levels. Thus, the data show that the apparent adrenal response was not blunted in almost all admitted medical patients.
The 252 consecutive patients analyzed here represent a typical population admitted to the department of medicine. These patients were elderly, with a high frequency of infections, fever, and comorbidity. Nevertheless, the mortality rate in this cohort was only 5%, in contrast to much higher mortality of 53% to 63% in critically ill patients, [5] [6] [7] indicating that the present population was indeed entirely different than that previously reported in intensive care units, in which a blunted HPA response might have played a significant role.
A major finding of this survey is that older age was not associated with a decreased serum cortisol level, and, indeed, older subjects tended to have higher serum cortisol level on admission. In agreement with our results, significantly higher serum cortisol levels were found in healthy ambulatory adults older than 70 years as compared with young adults 21 to 30 years old. 19 Similarly, patients older than 60 years admitted to intensive care units had higher serum cortisol levels than younger patients and had comparable incidence of adrenal insufficiency. 20 Of note, recently it has been shown that cortisol production rate increases with age, which might explain in part the higher serum cortisol levels in the elderly patients in the present series. 21 Moreover, the elderly patients in this study had higher frequency of severe infections, higher comorbidity scores, and elevated serum creatinine levels, all of which independently correlated with higher cortisol levels (data not shown). Despite the augmented serum cortisol level in the elderly, which apparently was an adequate response for the disease severity and stress, it is still possible that in some cases the high serum cortisol level was less than required, representing occult HPA axis deficiency. This possibility should be further studied using the adrenocorticotropic hormone test 8, 9 or the serum free cortisol assessment, as recently reported. 22 An important aim of the present study was to find whether infections in an elderly population of admitted medicine patients were associated with a blunted adrenal response. The results show that patients with infection had significantly higher serum cortisol levels as compared with patients without infection, and that severe infections such as sepsis, pneumonia, and erysipelas were associated with the highest serum cortisol level. Similarly, postoperative patients with sepsis had higher cortisol levels, compared with noninfected patients, 10 and febrile pediatric patients, particularly children with pneumonia, had 3.6-fold higher cortisol levels compared with nonfebrile children. 23 In addition, higher fever and longer duration of fever correlated with higher serum cortisol level in the present study. Taken together, these results show that infections, in general, create a greater stimulus to the HPA axis than noninfectious diseases, and that more severe diseases are linked to higher levels of circulating cortisol. Moreover, the present data do not indicate an apparent blunted HPA axis response in patients with infection or fever.
The finding of a positive correlation between an increased serum creatinine level and higher serum cortisol level probably reflected the contribution of older age, higher comorbidity score, or more severe disease. In addition, decreased activity of 11-beta-hydroxysteroiddehydrogenase in cases of renal failure has been suggested as a mechanism for a decreased cortisol clearance, resulting in a higher serum cortisol level. 24 Mortality was associated with a very high serum cortisol level, with a mean greater than 690 nmol/L, similar to findings in previous reports in patients who subsequently died. 25, 26 Moreover, initial serum cortisol level was an independent factor that correlated positively with duration of hospitalization and death. Additionally, older age, infectious diseases, and mortality were associated with higher serum cortisol levels. Similarly, it has been shown that serum cortisol level was an independent factor related to mortality rates 7 days after stroke, 12 and that an endocrine score composed of serum cortisol, thyroxine, and thyrotropin levels predicted outcome in intensive care patients better than a clinical score. 6 The apparent augmented adrenal response in the patients who died, found in the present study, does not by itself rule out a possible relative adrenal insufficiency, as shown recently in critically ill patients, 10 since it has been suggested that in critically ill patients, the affinity of the glucocorticoid receptor to cortisol is decreased, requiring a much higher serum cortisol level. 27 Of note, a recent study challenged the value of serum cortisol in assessing the adequacy of the HPA axis status, claiming that serum free cortisol was a better indicator for adrenal insufficiency than total serum cortisol. 22 Thus, 40% of patients with low serum cortisol levels actually had normal serum free cortisol, suggesting that blunted HPA response might be overemphasized in previous studies using standard measurements. 8, 9 Particularly, hypoalbuminemia (albumin Ͻ 25 g/L), so common in critically ill patients, might be a confounding factor, resulting in the underestimation of serum cortisol by standard measurements. However, it is unlikely that the results of the present study were significantly affected by hypoalbuminemia, as the mean serum albumin level of the cohort was 39 g/L.
In conclusion, we have shown that the average initial morning serum cortisol level in patients admitted to the department of medicine was in the upper limits of normal values. Cortisol levels were significantly higher in older patients, those with higher comorbidity score, and those with sepsis. Moreover, high initial serum cortisol levels were predictive of duration of hospitalization and mortality. Although most of the patients had either normal or high initial serum cortisol level and the mortality rate of the cohort was only 5%, suggesting an adequate adrenal response, further studies using dynamic tests of the HPA axis are probably needed to determine whether subpopulations of patients admitted to the department of internal medicine with acute medical conditions might have occult adrenal insufficiency, and hence might benefit from steroid treatment. 
